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C 

C 

C 

C D E FIN I T ION S 0 F T H B V A R I A B L E S 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

KEY VARIABLES USBD IN THE PROGRAM 

• NDF ••••••• NUMBER OF DEGREES OF FREEDOM PER NODE 

• NEQ ••••••• NUMBER OF EQUATIONS IN THE MODEL (BEFORE B. C.) 

• NGP ••••••• NUMBER OF GAUSS POINTS USED IN THE EVALUATION OF 

• , THE ELEMENT COEFFCIENTS, [ELK], {ELF}, [ELM] 
. .>;-.",J 

�,�\�~�,�,�\�}� 
�~� NHBW •••••• Half bandwidth of global coefficient matrix [GLK] 

• NPE....... Number of nodes per element �C�~�'� I'J\) �~�'�:� 

C • NGP ••••••• Number of Gauss points used in the integration 

C NNM ••••••• Number of nodes in the finite element mesh 

C NPRNT ••••• Indicator to print element matrices 

C (NO PRINT:O, PRINT:l) 

C • IELEM ••••• INDICATES THE TYPE OF THE INTERPOLATION FUNCTION �~�!� 

C IELEM = 1 LINEAR INTRPL FUNCTION 

C IELEM > 1 QUADRATIC INTPRL FUNCTION 

C 

C 

C DIMENSIONS OF VARIOUS ARRAYS IN THE PROGRAM 

C 

C • Values of MXELM,MXNOD, etc. in the PARAMETER statement should • 

C be changed to meet the requirements of problem: 

C 

C • MXBLM ••••• �M�a�x�~�u�m� number of elements in the mesh: 

C • MXEBC ••••• Maximum number of speci. primary deg. of freedom 



C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 

c 

p ~~s i' . ~ 

C 

C 

C 

C 
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• MXNBC ••••• Maximum number of specie secondary deg. of freedom. 

• MXNEQ ••••• Maximum number of equations in the FE model 

• MXNOD ••••• Maximum number of nodes in the mesh 

ELX(I) ••••• GLOBAL COORDINATES OF AN ELEMENT 

ELK(I,J) ••• ELEMENT COEFFICIENT MATRIX 

ELM(I,J) ••• ELEMENT MASS MATRIX 

ELF(I) ••••• ELEMENT FORCE VECTOR 

GLF(I) ••••• COLUMN VECTOR OF GLOBAL FORCES BEFORE GOING INTO THE 

SUBROUTINE SOLVER. AFTER COMING OUT OF THE SUBROUT. 

SOLVER IT CONTAINS THE INCREMENT OF THE SOLUTION OF EACH 

ITERATION. 

GLX(I) ••••• GLOBAL COORDINATES OF AN ELEMENT 

*********** PARAMETEaS FOR THE NON LINEAR ANALYSIS ************* 
;·.t~:~~~4 
-GFPR(I) •••• COLUMN VECTOR WITH THE TOTAL SOLUTION UP TO THE 

CURRENT ITERATION AND LOAD STEP. 

ITLIM •••••• MAXIMDM ALLOWABLE NUMBER OF ITERATIONS WITHIN 

EACH LOAD STEP 

EPSLN •••••• CONVERGENCE COEFFICIENT (,.", 

ITEa ••••••• ITERATION COUNTER 
'~' If 

(' 

ISTEP •••••• LOAD STEP COUNTER . 
\ 

NLDST •••••• TOTAL NUMBER OF STEPS IN walCH LOAD IS APPLIED 

****** PARAMETERS FOR THE TRANSIENT ANALYSIS******************* 

Alpha 

Al,A2 Parameters used in the time Approximations Schemes 

Gwo(i) ••• Vector of initial values of the primary variables 

DT •••••••••••• TlME STEP 

NTS ••••••••••• INDICATION OF THE CURRENT NO. OF TIME STEP 

TMAX •••••••••• MAX. VALUE OF TIME THAT WE CAN REACH IN THE TIME LOOP 

TlME •••••••••• INDICATION OF THE CURRENT TIME VALUE 
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C INTVL ••••••••• THE INTERVAL AMONG THE NTS VALUES 

C 

C __________________________________________________________________ _ 

C PARAMETER ( MAXELM= 20, MXNEQ == (MAXELM + 1 ) * 3, MXNBC = 20) 
C __________________________________________________________________ _ 

C 

C 

IMPLICIT REAL*8(A-H,O-Z) 

REAL MV,NES,K,NESS 
tl";"f It 

PARAMETER 

PARAMETER 

DIMENSION 

* 
DIMENSION 

DIMENSION 

DIMENSION 

DIMENSION 

DIMENSION 

(MXELM=50, MXNEQ=153, MXEBC=50, MXNBC=50, MXNOD=55) 

(NCMAX = 55, NRMAX = 153) 

GLK(MXNEQ,MXNEQ),GLF(MXNEQ),GLX(MXNOD),DX2(MXNOD), 

GLM(MXNEQ,MXNEQ),DH1(MXNOD) 

GFPR(MXNEQ),ELU(6),GWO(MXNEQ),EWO(6) 

NOD(MXELM,3),ISPV(MXEBC,2),ISSV(MXNBC,2) 

VSPV{MXEBC),VSSV{MXNBC) 

ES(MXNEQ),MV(MXNOD),GWOO(MXNEQ),DDH1(MXNOD),A(MXNOD) 

DDX2{MXNOD),NES(MXNEQ),UL(MXNOD),US(MXNOD) 

DIMENSION K{MXNOD),EWP(MXNOD),WS(MXNOD),NESS(MXNEQ) 

COMMON/STR1/ELK(6,6),ELM(6,6),ELF(6),ELX(3),ELKI(6,6),ELFI(6) 

COMMON/STR2/A1,A2 

COMMON/STR3/PA,R,D,EK,EM,DR,E 

COMHON/IO/IN,IT 

C----------------------------------------------------------------------C 

C 

C 

C 

C 

IN=5 

IT=6 

PRE PRO C E S S 0 RUN I T 

OPEN(UNIT=5,FILE='TEST DATA') 

OPEN(UNIT=6,FILE='TEST OUT') 
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C * ONE DEGREE OF FREEDOM PROBLEM* 

C 

c 

c 

c 

c 

c 

c 

c 

c 

NDF==1 

READ{IN,300} TITLE r-f" 

READ (IN, *) BPE, NEM,'NPRNT , IELEM 

READ(IN,*) ITLIM,EPSLN 

NHBW = 0.0 

NHBW == BPE*NDF 

~",~tt!)~~M == NEM* (NPE-1 )+1 

NN == NPE*NDF 

NEM1=NEM + 1 

NEQ=NNM*NDF 

READ DATA ON BOUNDARY CONDITIONS OF TWO KINDS: THE DIRICHLET 

AND THE NEUMANN (~V) TYPE. 
~J 

(PV) I 

I 

-----------------·-\----------------------------~~~-I 
READ(IN,*) ALPHA,DT,TMAX 

A1 = ALPHA *DT 

A2 = (1.0-ALPHA}*DT 
c ________________________________________________________________ _ 

c I NSPV: NUMBER OF SPECIFIED PRIMARY VARIABLES 
cl ________________________________________________________ __ 

c 

READ(IN,*) NSPV 

IF(NSPV.NE.O)THEN 

DO 40 IB=l,NSPV 

READ(IN,*) (ISPV(IB,J),J =1,2),VSPV(IB) 

•. '. l , 
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40 CONTINUE 

ENDIF 

C 

C NSSV:NUMBER OF SPECIFIED SECONDARY VARIABLES 

C 

C 

C 50 

READ{IN,*) NSSV 

WRITE{6,*) NSSV 

IF(NSSV.NE.O)THEN 

DO 50 IB=l,NSSV 

READ ( IN, *) (ISSV( IB,J) ,J=l, 2) , VSSV(IB) 

50 READ(IN,*) (ISSV(IB,J),J=1,2) 

C 

C 

WRITE(6,*) ISSV(IB,1),ISSV(IB,2) 

ENDIF 

ENDIF 

READ(IN,*) (GWOII) ,I=l,NEQ) 
~-~ 

READ ( IN, * ) (cBS'{ I ) , I=l , NEQ) 

C-----------------~--Jr!-~;:-------------------------------------------C 
C SET THE THICKNESS HEIGHT X OF THE CONSOLIDATED SOLIDS AT TIME T C 

C----------------------------------------------------------------------C 

READ(IN,*) XO 

WRITE(6,*) 'THB HEIGHT OF THB BED AT TIME TO IS:',XO 

READ(IN,*) Xl 

WRITE(6,*) 'THE HEIGHT OF THE BED AT TIME Tl IS:',Xl 

C READ(IN,*) TDDX2 , v' 

C READ(IN,*) FALX 

C 

C ----------------------------------------------------------------

C B N D o F T H B I N PUT D A T A 

C ----------------------------------------------------------------

C 
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C 

C 

C ----------------------------------------------------------------

C P R I N T T H B I N PUT DATA 

C ----------------------------------------------------------------

C 

WRITB(IT,530) 

WRITB(IT,3l0) 

WRITE(IT,530) 

C WRITB(IT,300) TITLB 

C 

C 

C 

WRITE(IT,350) NPE,NDF,NEM,NEQ,NSPV,NSSV 

IF(NSPV.NE.O)THBN 

WRITE(IT,480) 

DO 100 IB=l,NSPV 

WRITE(IT,490) (ISPV(IB,J),J=1,2),VSPV(IB) 

100 CONTINUE 

ENDIF 

C IF(NSSV.NE.O)THEN 

WRITE(IT,500) 

DO 110 IB=l,NSSV 

110 WRITE(IT,490) (ISSV(IB,J),J=1,2) 

ClIO WRITE(IT,490) (ISSV(IB,J),J=l,2),VSSV(IB) 

C ENDIF 

C 

IF(NSSV.EQ.O) THEN 

WRITE(IT,620) 

END IF 

DO 115 I = l,NEQ 



102 

WRITB(IT,630) GWO(I) 

115 CONTINUE 

WRITE (IT ,640) ALPHA,DT ,TMAX 

C --------------------------------------------------------------

DO 20000 TDDX2=0.00005,0.0001,0.00001 

C 

C 

C 

C PRO CBS S 0 R U NIT 

C 

C 
C 
C 

C----------------------------------------------------------------------C 

C TABLE OF THB EMPIRICAL PARAMETBRS C 

C----------------------------------------------------------------------C 
(1 PA =30. 

~. '!. 

E = 0.065 

R = 3.08*(0.65-E)**4. 

D = 5.19*(0.65-E)**2.68 

VEK = 1.869*10**(-11.0) 

" DR = 1300. 

\/, BK = 0.001 
~,t· ':,~ 

C----------------------------------------------------------------------C 
C***************************************************·******************** 

C-----------------------------------------------------
C 1ST METHOD: USE OF THE PARTICULATE STRUCTURE EQUATION 

C IT CONSISTS OF THE FOLLOWING STEPS: 

C 1)STBP1 
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C 2)STEP2 

C 

C-----------------------------------------------------

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C 1.CALCULATION OF THE TOTAL DECREASE THAT OCCURS AT THE * 
C BEGINING OF THE CONSOLIDATION PERIOD"'DT - T2-Tl.' * 

C ____ ~~--------------------------------------------------------- * l5y j 

C DHl(I)=THE HEIGHT OF EACH SUBLAYER AT TIM.E(T1 * 
C KV(I)=THE CONSOLIDATION RATE OF EACH SUBLAYE~:~~~ __ ,~Ji 

""\ 
Q~f?:V~GWO(I)=THE INITIAL VALUES OF THE EFFECTIVE PRESSURE ;(~:. Ti 

C DDHl(I)=THE DECREASE THAT OCCURS AT EACH SUBLAYER DUE TO * 
C CONSOLIDATION AT Tl. * 

"p'Y' 

C TDDHl= THE TOTAL DECREASE OF ALL THE LAYER AT" TIME Tl ' 
~"'c~~"ioi:.f; * 

C * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C 

TDDHI = 0.0 

DO 10 I=l,NNH-l 

DHl(I) = Xl/(NNM-l) 

WRITE(6,*) 'DHI : THE LENGTH 

WRITE(6,*) DHl(I) 

GWOO(I) = 0.5*(GWO(I+l)+GWO(I» 

OF EACH SUBLAYER AT THE INITIAL T' 

C WRITE(6,*) , GWOO' 

C WRITE(6,*) GWOO(I) 

C 

C 

KVeI) = «l/PA)*R)/(l+(l/PA)*GWOO(I» 

WRITE(6,*) 'KV(I):THE CONSOLIDATION RATE OF EACH SUBLAYER' 

WRITE(6,*) KVeI) 



C 

C 

C 

C 

C 

C 

C 

C 
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10 CONTINUE 

DO 9 I = 1,NNM-l 

DDHl(I) = DHl(I)*MV(I)*GWOO(I) 

WRITE(6,*) 'DDHl(I):SUBL.DECREASE OF THE HEIGHT AT THE INITIAL T' 

WRITE(6,*) DDHl(I) 

TDDHI =TDDHI + DDHl(I) 

9 CONTINUE 

WRITE(6,*) ,**************************************************, 

WRITE(6,*)'TDDHl,TOTAL DECREASE OF THE HEIGHT OF THE SEDIMENT' 

WRITE(6,*) 

WRITE(6,*) 

WRITE(6,*) 

, DUE TO CONSOLIDATION cJ{T TIME, .~ ~> 
\.~:".'7" . ".- .... 

,**************************************************, 

TDDHI 

DO 8 I = 1,NNM-l 

A(I) = DDHl(I)/TDDHl 

8 CONTINUE 

C********************************************************************* 

C END OF STEP 1 * 
C********************************************************************* 

C 

C 

C 
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C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C STEP 2. CALCULATION OF THE FOLLOWING VARIABLES AT THE END OF THE 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

CONSOLIDATION PERIOD~:6~,;= T2-Tl:r 

BY USING THE ASSUMED TOTAL DECREASE AT TIME T2 WE CALCULATE: 

DDX2= THE DECREASE FOR EACH SUBLAYER. 

TDDX2 = THE ASSUMED TOTAL DECREASE. 

NESS(I)=THE AVERAGE INITIAL CONCENTRATION OF EACH LAYER. 

NES(I)=THE NEW (T2)AVERAGE CONCENTRATION OF EACH LAYER. 

DT = THE CONSOLIDATION PERIOD. 

OL(I) = THE WATER THAT MOVES UP FROM EACH SUBLAYER AT T2. rlj,~,' 

US(I) = THE SOLIDS VELOCITY AT TIME T2. 

KiI)=THE PERMEABILITY AT EACH SUBLAYER AT TIME T2. 

EWP)I) = EXCESS WATER PRESSURE 

ws'Z( I) = WEIGHT OF SOLIDS THAT COUNTS FOR EACH SUBLAYER AT T2. 

FPBi= THE BOTTOM EFFECTIVE PRESSURE AT TIME T2. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C----------------------------------------------------------------------C 
C WRITE THE TOTAL DECREASE,TDDX2, OF THE LAYER AT TIME (T + DT) 

C----------------------------------------------------------------------C 

C 

C 

WRITE(6,*) 'THE ASSUMED TOTAL DECREASE AT T+DT IS:~J TDDX2 

DO 12 I = 1,NNM-1 

DDX2(I) = A(I)*TDDX2 

WRITE(6,*) , A(I)','DDX2(I)' 

WRITE(6,*) A(I),DDX2(I) 

NESS(I) = (ES(I+1)+ES(I»/2. 

C WRITE(6,*) 'NESS' 

.' ~ I 

\\ J 
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C WRITE(6,*) NESS(I) 

C 

C 

C 

C 

C 

C 

C 

C 

C 

IF (I .EQ. NNM-1) GOTO 14 

NES(I) =«DH1(I»/(DH1(I)-DDX2(I»)*NESS(I) 

14 NES(NNM-1) = 0.065 

WRITE(6,*) 'THE SOLIDS CONCENTRATION FOR EACH SUBLAYER IS:' 

WRITE(6,*) NES(I) 

12 CONTINUE 

DO 13 I = 1,NNM-1 

K(I) = EK*(E/NES(I»**(R/D) 

WRITE(6,*) 'K INTRINSIC PERMEABILITY FOR EACH SUBLAYER IS:' 

WRITE(6,*) K(I) 

13 CONTINUE 

UL(1) = 0.5*(DDX2(1)/DT)*(1/(1-NES(1») 

US(1) = 0.5*(DDX2(1)/DT)*(1/NES(1» 

SUMM = 0.0 

DO 20 I = 2,NNM-1 

SUMM = SUMM + A(I-1) 

WRITE(6,*) 'SUMM',SUMM 

UL(I) = 0.5*(1/DT)*TDDX2*(A(I)+2*SUMM)*(1/(1-NES(I») 

WRITE(6,*) 'UL THE LIQUID VELOCITY FOR EACH SUBLAYER IS:' 

WRITE(6,*) UL(I) 

US(I) = 0.5*(1/DT)*TDDX2*(A(I)+2*SUMM)*(1/NES(I» 



C 

C 

C 

C 

C 

C 

C 

C 

C 
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WRITE(6,*) 'us THE SOLIDS VELOCITY FOR EACH SUBLAYER IS:' 

WRITE(6,*) US(I) 

20 CONTINUE 

AA = UL(NNM-i) 

BB = US(NNM-i) 

TEWP = 0.0 

TWS = 0.0 

DO 30 I =l,NNM-i 

EWP (I) = ( (t UL (I) -US (I) 1 *EM* _( i-NES (I) J.l /K (I) ) * 

+ (DHi(I)-DDX2(I» 

TEWP = TEWP + EWP(I) 

WS(I)=DRir 9.8i*NES(I)*(DHi(I)-DDX2(I» 

TWS = TWS + WS(I) 

30 CONTINUE 

WRITE(6,*) 'TEWP, TOTAL EXCESS WATER PRESSURE' 

WRITE(6,*) TEWP 

WRITE(6,*) 'TWS, TOTAL WEIGHT OF SOLIDS' 

WRITE(6,*) TWS 

C*********************************************** 

C 

FPB = TWS + TEWP 

C 



C 

C 

C 
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WRITE(6,*) ,---------------------------------------------, 
WRITE(6,*) 'EXTERNALS LOOP BOTTOM EFFECTIVE PRESSURE FPBO' 

WRITB(6,*) FPB 

WRITE(6,*) ,---------------------------------------------, 

DFPB = -DR*9.81*E*(1+(1/PA)*FPB)**(R-D+l)*EK*(PA/(EM*R» 

WRITE(6,*) '****~**************************************' 
",;\):IPS 

WRITE ( 6, * ) .. ~. DFPB ~'THE SECONDARY VARIABLE AT THE BOTTOM OF ' 

C WRITE(6,*) 'THE SEDIMENT' 

C WRITE(6,*) ,*******************************************, 

C WRITE(6,*) DFPB 

C 

C 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C END OF STEP 2. 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C 

C 

C END OF THE FIRST METHOD 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 



109 

C 

C 2 ND MET HOD: USE OF THE F. E. C. 

C 

C 

C 

C 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C CALCULATE THE HEIGHT OF THE CONSOLIDATED BED AT TIME T2 C * 

C * 
C USE THE F.E.C. TO FIND THE BOTTOM PRESSURE. * 
C * 
C * 
C COMPARE THE BOTTOM PRESSURE THAT YOU OBTAIN FROM THE CODE * 

C WITH THE PRESSURE OBTAINED AT STEP 2. * 
C IF THEY ARE DIFFERENT ASSUME ANOTHER DECREASE AT TIME T2. * 

C IF THEY ARE NOT DIFFERENT THEN CALCULATE THE FOLLOWING: 

C PROPV = THE PROPAGATION VELOCITY OF A CHARACTERISTIC LINE. 

C ('SLIFe = THE MUDLINE HEIGHT ( fYHJt) H 
h~ •• , 

C <SUS) = THE VELOCITY OF THE SUSPENDED SOLIDS "J 
..... ~..-

C SC = THE CONCENTRATION OF THE SUSPENDED SOLIDS e 

C FALX = THE HEIGHT OF THE FALLING MATERIAL 

C TOTALX = THE TOTAL HEIGHT OF SOLIDS AFTER THE CONSOLIDATION AND 

C THE FALL OF NEW PARTICLES HAVE ALREADY OCCURED. 

C ********************************************************************* 

C 

C THE HEIGHT OF THE SOLIDS AT THE END OF THE CONSOLIDATION PERIOD 

X2 = Xl - TDDHI -TDDX2 

WRITE(6,*) 'THE HEIGHT AT TIME T+DT:', X2 

C 

C 

C 
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C 

DO 15 I=I,NBMI 

IF ( ~~g-"._~_~_,, __ THEN 

OX2(I) = 0.0 
'~~.~ "':-~ _. - • -.- <'-' ...... 

ELSE 

DX2(I) = X2/NBM 

ENDIF 

15 CONTINUE 

C------------------------------------------------------
CALL MESHID (NEK, NPE, NOD, MXELM, MXNOD, DX2,GLX) 

C------------------------------------------------------
WRITE(IT,410) 

WRITE(IT,540) (GLX(I),I=I,NNM) 

C 

C 

C 

C ============================================================ 

C JUST FOR THE FIRST ITERATION SET THE CURRENT SOLUTION VECTOR 

C GFPR EQUAL TO THE VECTOR OF THE INITIAL CONDItIONS GWO. 

C ============================================================ 

DO 40000 I = I,NEQ 
. '. 

40000 GFPR(I) = GWO(I) 

C -----------------------------------------------------

C 

C ITERATION LOOP 

C Initialize the iteration parameters 

C -----------------------------------------------------

C 

C 

C 



C 

C 

C 

C 

ITER = 0 
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C -----------------------------------------------------------------

C ITERATIONS BEGIN HERE 

C 

222 ITER = ITER + 1 

WRITE(6,*) , ********* CURRENT ITERATION STEP ************** ' 

C ------------------------------------------------------------------

C IInitialize the global matrices and vectors 

C 

C ------------------------------------------------

C 

C 

C 

DO 160 I=1,NEQ 

GLF(I)=O.O 

00 160 J=1,NEQ 

GLK(I,J)=O.O 

160 GLM(I,J) = 0.0 

C --------------------------------------------------

C 

C Do-loop for ELEMENT CALCULATIONS and ASSEMBLY 

C 

C 

C --------------------------------------------------
C ____________________________________________________________________ _ 

C ____________________________________________________________________ _ 

C 



C 

C 

c 

C 

C 

C 
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DO 200 N = 1, NEM 

WRITE(6,*) 'THIS IS THE ELEMENT', 

L = 0.0 

DO 180 I=l,NPE 

:'N~~~OD ( N , I j. 

N 

#. ~ 
~1t.: rT {' . 

C ---------------------------------------------------------

C Transfer the global data to the element data 

c 

c ---------------------------------------------------------

C 

C 

c 

c 

c 

C 

C 

C 

c 

c 

c 

ELX(I)=GLX(NI) 

LI= NI-l 

NDF IS ONE (FOR THE X-DIRECTION) 

LI = (NI-l)*NDF 

DO 170 J = 1,NDF 

LI = LI + 1 

L = L + 1 

,DOC L) =GWO ('LI ) 
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C 

ELU(L) = GFPR(LI) 
"', 

C WRITE(6,*) 'ELU=' 

C WRITE(6,*) BLU(L) 

170 CONTINUB 

180 CONTINUE 

C 

C 

C 

C 

C-----------------------------------------------------------------------
C 

C 

C 

C -------------------------------------------------------

CALL COBFNT (NDF,NPE,N,NI,ELU,EWO,IELBM,NBM,NNM,AA,BB) 

C -------------------------------------------------------

C 

C 

C 

C 190 

C 

C 

C 

C 

C 193 

C 

IF(NPRNT .NE.O)TBEN 

IF(NPRNT .LE.2)TBEN 

IF(ITER.NE.1) GO TO 195 

IF(N.EQ.1)TBEN 

WRITE(IT,550) 

DO 190 I=1,NN 

WRITE(IT,540) (ELK(I,J),J=1,NN) 

WRITE(IT,560) 

WRITE(IT,540) (ELF(I),I=1,NN) 

WRITE(IT,565) 

DO 193 I =1,NN 

WRITE(IT,540) (ELM(I,J),J=1,NN) 

ENDIF 

ENDIF 



C 

C 

C 

C 

BNDIF 
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C -------------------------------------------------------

C Assemble element matrices into banded global matrix 

C (for transient analysis) 

C -------------------------------------------------------

195 CALL ASSMBL (NOD,MXBLM,MXNBQ,NDF,NPB,N,GLK,GLF,NHBW) 

C -----------------------------------------------------------

C 

C 

200 CONTINUB 

C 

C ---------------------------------------------------------------------­

C ----------------------------------------------------------------------

C 

C 

C 

C 

C 

IF (ITBR .BQ. 1) THBN 

IF(NPRNT.EQ.2)THEN 

C ---------------------------------------------------------

C Print assembled coefficient matrices if required 

C That depends on the value of NPRNT 

C ----------------------------------------------------------

WRITB(\IT, 570) 

DO 210 I=1,NBQ 

210 WRITE(IT,540) (GLK(I,J),J=1,NBQ) 
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C WRITE(IT,575) 

C DO 212 I = 1,NEQ 

C 212 WRITE(IT,540) (GLM(I,J),J=l,NEQ) 

C WRITE(IT,580) 

C WRITE(IT,540) (GLF(I),I=l,NEQ) 

ENDIF 

ENDIF 

C 

C 

C-------------------------------------------------------------C 

C 

C 

C 

C 

C ---------------------------------------------------------------

C Call subroutine BOUBAN to impose essential and natural type 

C BOUNDARY CONDITIONS ON THE PRIMARY VARIABLES. 

C 

C ---------------------------------------------------------------

C 

C 

C 

C 

C 

C 

* 

CALL BOUBAN (MXNEQ,NCMAX,NEQ,NHBW,GLK,GLF,NSPV,ISPV,VSPV,MXEBC, 

NDF) 

C -------------------------------------------

C AFTER COMPLETING THE FIRST ITERATION 

C SET THE SPECIFIED PRIMARY VARIABLES TO ZERO 

C -------------------------------------------



C 

C 

C 

C 

C 

C 

C 

C 

IF (ITER .EQ. 1 ) THEN 

DO 112 I = I,NSPV 

112 VSPV(I) = 0.0 

ENDIF 
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C ---------------------------------------------

C SOLVE THE FULL STORAGE NON SYMMETRIC PROBLEM 

C ---------------------------------------------

C --------------------------------------------------------------------

C ICALL SUBROUTINE SOLVER TO SOLVE THE FINITE-ELEMENT EQUATIONS 

C I{GLF} DENOTES THE GLOBAL SOURCE VECTOR BEFORE GOING INTO SOLVER 

C I{GLF} DENOTES THE GLOBAL SOLUTION VECTOR WHEN IT COMES OUT OF SOLVER. 

C --------------------------------------------------------------------

C 

C 

C 

C 

C 

C 

C 

CALL SOLVER(MXNEQ,NEQ,GLK,GLF,NHBW,NPE,NDF) 

WRITE(6~~) 'GLF SOLVER' 

DO 1 I =1,NEQ 

1 WRITE(6,*) GLF(I) 



C 

C 

C 

C 
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C --------------------------------------------------------------

C I UPDATE THE SOLUTION AND CHECK FOR CONVERGENCE 

C --------------------------------------------------------------

DIFF = 0.0 

SOLN = 0.0 

DO 215 I =1,NEQ 

DIFF = DIFF + GLF(I)*GLF(I) 

C 

,GFPR:{I) = GFPR(I) + GLF(I) 

C 

C WRITE(6,*) 'GFPR' 

C WRITE(6,*) GFPR(I) 

215 SOLN = SOLN + GFPR(I)*GFPR(I) 

ERR = DSQRT(DIFF/SOLN) 

IF (ERR .GT. EPSLN) THEN 

IF (ITER .EQ. ITLIM) THEN 

C WRITE(IT,610) 

STOP 

ENDIF 

C --------------------------------------------

C I THE ITERATION LOOP RETURNS WHERE IT STARTS I 

C --------------------------------------------

C 

C 

C 

..GO . TO .. 222. 

ENDIF 
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C 

C 

C 

C 

C 

C ---------------------------------

C PRINT SOLUTION 

C ---------------------------------

C 

c 

WRITE(IT,660) 

DO 270 I = 1,NEQ 

270 GLF(I) = GFPR(I) 

, 
v 

WRITE(IT,670) (GLF(I),I=l,NEQ) 

C******************************************************************* 

C******************************************************************* 

C 

C 

C 

C 

c ***************************************************** 

C COMPARE THE EFFECTIVE PRESSURES AT THE BOTTOM 

C ***************************************************** 

C 

C 

C 

C 

C 

WRITE(6,*) 'COMPUTERS CODE BOTTOM EFECTlVE PRESSURE, GLF1' 

WRITE(6,*) GLF(l) 

DIF = FPB -GLF(l) 
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WRITE(6,*) 'DIF BETWEEN FPBO AND GLF(l)' 

WRITE(6,*) DIF 

20000 CONTINUE 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 

C 

C 

C 

C 

IF (DABS(DIF) .LB. 0.001) GOTO 272 

WRITE(6,*)'IT STOPS AT THE EXTERNAL LOOP-MUST GUESS ANOTHER TDDX2' 

STOP 

C CALCULATE THE FOLLOWING VARIABLES 

C 

C 

C 

272 PROPV = (X1-XO)/DT 

C 

SLIFC = PROPV*DT + Xl 

C WRITE(6,*) ,************************************************, 

C WRITE(6,*) 'THE HEIGHT OF THE MUDLINE INTERFACE AT TIME T+DT' 

C WRITE(6,*) 'SLIFC' 
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C WRITE(6,*) ,************************************************, 

PI = -0.0129 

P2 =(-LOG(PROPV»/202.5109 

SC = P1+P2 

C WRITE(6,*) 'sc IS THE SOLIDS CONCENTRATION AT TIME T+DT' 

C WRITE(6,*) sc 

C 

C 

C 

C 

@CO = 0.03 

SUSO = 0.00003 

IF (SC .LT. SCO) THEN 

SC = SCO 

sus = SUSO 

ELSE 

SUS = O.0000946754-0.0026552*SC + 0.018926*SC*SC 

C WRITE(6,*) 'THE SOLIDS SETTLING VELOCITY AT TIME T+DT' 

C WRITE(6,*) SUS 

ENDIF 

C 

C 

FALX = SUS * SC * DT *' (lIE) 

C 

C WRITE(6,*) ,-----------------------------------------------------, 

C WRITE(6,*)'THE HEIGHT OF THE FALLING SOLIDS ON THE TOP OF THE BED' 

C WRITE(6,*) 'FALX' 

C WRITE(6,*) FALX 

C WRITE(6,*) ,-----------------------------------------------------, 

C 

C 
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TOTALX = X2 + FALX 

c 

C WRITE(6,*) ,****************************************, 

C WRITE(6,*)'THE TOTAL HEIGHT OF SOLIDS AT TIME T + DT' 

C WRITE(6,*)'TOTALX' 

C WRITE ( 6, *) TOTALX 

C WRITE(6,*) ,****************************************, 

C STOP 

C 

C 

C 

C 

C 

C ******************************************************************** 

C STEP 3 ENDS 

C ******************************************************************** 

C 

C 

C 

C 

C 

C 

C 

P 0 S T - PRO C E S S 0 R U NIT 
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C 

CALL PSTPRC(GLF,GLX,NOO,NPE,MXELM,MXNEQ,MXNOO,NEM,ELU,N,NOF,FALX) 

C ----------------------------------------------------------------

C F o R M A T S 

C ----------------------------------------------------------------

C 

C 300 FORMAT(20A4) 

310 FORMAT ( 4X, , OUTPUT FROM THE THESIS COMPUTER CODE T. PAPANICO. ) , ) 

350 FORMAT(/,5X, 'No. of nodes per element •••••••••••••••• =',I4,1, 

'* 5X, 'No. of deg. of freedom per node, NDF •••• =' , I4 , / , 

'* 5X, 'No. of elements in the mesh, NEM •••••••• =',I4,/, 

'* 5X, 'No. of total OOF in the model, NEQ •••••• =',I4,1, 

'* 5X, 'No. of specified primary OOF, NSPV •••••• =',I4,/, 

'* 5X, 'No. of specified secondary OOF, NSSV •••• =',I4) 

410 FORMAT(/,3X,'Global coordinates of the nodes, {GLX}:',/) 

480 FORMAT(/,3X, 'Boundary information on primary variables:',/) 

490 FORMAT(5X,215,2E13.5) 

500 FORMAT(/,3X, 'Boundary information on secondary variables:',/) 

530 FORMAT(56('_'),/) 

540 FORMAT(5X,5E13.5/) 

550 FORMAT(/,3X,'Element coefficient matrix, [ELK]:',/) 

560 FORMAT(/,3X,'Element source vector, {ELF}:',/) 

565 FORMAT(/,3X,'Element mass matrix,[ELM]:',/) 

570 FORMAT(/,3X,'Global coefficient matrix, [GLK):',/) 

575 FORMAT(/,3X,'GLOBAL MASS MATRIX, [GLM.]:',/) 

580 FORMAT{/,3X,'Global source vector, {GLF}:',/) 

590 FORMAT(/,1X,'Solution (values of PVs) at the nodes: ',I) 

610 FORMAT(/,3X,''**THE SCHEME DID NOT CONVERGE**',/) 

620 FORMAT(/,3X,'INITIAL VALUES OF THE PRIMARY VARIABLES,[GFPR]:',/) 

630 FORMAT(5X,4E13.5) 

640 FORMAT(5X,'ALPBA=',E11.4,5X,'DT=',E12.4,5X,'TMAX=',E12.4,/) 



C 

C 

C 

C 
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650 FORMAT(/,5X,'TIME=',E12.4,/) 

660 FORMAT(/,3X,'VALUES OF PRIM.VARIABLES,GLF:',/) 

670 FORMAT(5X,3E13.S/) 

STOP 

END 

SUBROUTINE ASSMBL(NOD,MXELM,MXNEQ,NDF,NPE,N,GLX,GLF,NHBW) 

THE SUBROUTINE CALLS SUBROUTINES TO COMPUTE ELEMENT 

MATRICES 

C 

C 

AND ASSEMBLES THEM IN A FULL MATRIX FORM 

C MXELM. • •• Maximum number of elements in the mesh: 

C MXNEQ. • •• Maximum number of equations in the FE model 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

NDF 

N 

NPE 

{ELF} •••• 

{ELX} •••• 

{GLF} •••• 

{GLK} •••• 

{GLM} •••• 

[NOD] •••• 

Number of degrees of freedom per node 

ELEMENT NUMBER 

Nodes per element 

Element source vector, {F} 

Element coefficient matrix, [X] 

Global source vector 

Global coefficient matrix 

Global mass matrix 

Connectivity matrix 

IMPLICIT REAL*8 (A-H,O-Z) 

C 

DIMENSION GLX(MXNEQ,MXNEQ),GLF(MXNEQ),NOD(MXELM,3) 

COMMON/STR1/ELX(6,6),ELM(6,6),ELF(6),ELX(3),ELKI(6,6),ELFI(6) l 

C 
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C Assemble element coefficient matrix ELK and source vector ELF 

C 

C 

C 

DO 30 I = 1, NPE 

NR = (NOD(N,I) - 1)*NDF 

WRITE(6,*) 'NOD(N,I)' 

WRITE(6,*) NOD(N,I) 

DO 30 II = 1, NOF 

NR=NR+l 

L = (I-l)*NOF + II 

GLF(NR) = GLF(NR) + ELF(L) 

DO 30 J = 1, NPE 

NCL = (NOO(N,J)-I)*NOF 

DO 30 JJ = 1, NOF 

M = (J-l)*NDF + JJ 

NC = NCL+JJ-NR+NHBW 

IF (NC) 30,30,20 

20 GLK(NR,NC) = GLK(NR,NC) + ELK(L,M) 

30 CONTINUE 

RETURN 

END 

, " 

C SUBROUTINE BOUBAN (MXNEO, NCMAX, NEO, NHBW ".~}, 0 ,NBOY , ISPV ,,~~~y';)~~, NOF ) 

C 'f\1)~ -> 
C 

C The subroutine is used to implement specified boundary conditions 

C on the assembled system of finite element equations 

C 

C MXEBC. ~ •• Maximum number of speci. primary deq. of freedom 

C MxNBC Maximum number of speci. secondary deg. of freedom 

C 

1 



C 

C 

C 

C 
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IMPLICIT REAL*8 (A-B,O-Z) 

DIMENSION S(MXNEQ,MXNEQ),SL(MXNEQ) 

DIMENSION (r'SDY,X 50) , VBDY (NBDY) , ISPV (MJ ,2 ) 
~l 

l 
Include specified PRIMARY degrees of freedom 

NBWKl - 2.0*NBBW - 1 

DO 300 NB = l,NBDY 

IBDY(NB) = \ISPV(NB,I)-I)*NDF + ISPV(NB,2) 

IE = IBDY(NB) 

SVAL = VBDY (NB ) 

DO 60 J = l,NBWKI 

60 S(IE,J) = 0.0 

S(IE,NBBW) = 1.0 

300 SL(IE) = SVAL 

C WR!TE(6,*) 'IE', IE, 'SVAL', SVAL 

C 

C 

C 

C 

C 

C 

C 

C 

C 

RETURN 

END 

SUBROUTINE MESBID(NEM,NPE,NOD,MXELM,MXNOD,DX2,GLX) 

The subroutine computes the arrays {GLX} and [NOD] 

{GLX} •••• Vector of global coordinates' 

{DX2} ••••• VECTOR OF ELEMENT LENGTBS [DX(I) = NODE 1 COORD.] 

[NOD] •••• Connectivity matrix 

\ ' 
j 
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IMPLICIT REAL*8 (A-B,O-Z) 

DIMENSION GLX(MXNOD),DX2(MXNOD),NOD(MXELM,3) 

C 

C Generate the elements of the connectivity matrix 

C 

C 
DO 10 I=l, NP&./~ ! 

1 0 l!~~J~~!~) =.~" 

DO 20 N=2,NEM} 
4~..r~;:1OU. 

DO 20 I=l,NPB 

20 NOD(N,I) = NOD(N-1,1)+NPB-1 

C 20 WRITE(6,*) 'NOD(N,I)',NOD(N,I) 

C 

C Generate global coordinates of the global nodes 

C 

GLX(1)=DX2(1) 

IF(NPB.BQ.2)TBBN 

DO 30 I=l,NBM 

30 GLX(I+1) = GLX(I) + DX2(1+1) 

BLSB 

DO 40 1=l,NBM 

I1=2*I 

GLX(1I) = GLX(I1-1) + O.S*DX2(I+1) 

40 GLX(II+l)=GLX(1I-1) + DX2(I+1) 

ENDIF 

RETURN 

END 
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C---------------------------------------
C AN INTERFACE SOLVER 

SUBROUTINE SOLVER(MXNEQ,NEQ,GLK,GLF,NHBW,NPE,NDF) 

IMPLICIT REAL*8 (A-H,O-Z) 

DIMENSION GLK(MXNEQ,MXNEQ),GLF(MXNEQ) 

C---------------------------------------

C 

C 

NBW - 2;NNHBW? 
.,,~~"', .... ~k~ 

DO 5 I -= 1,NEQ 

5 GLK(I,NBW) = GLF(I) 

NHBW = NPE * NDF 

ITERM = NHBW 

CALL BNDSOL(GLK,MXNEQ,NEQ,ITERM) 

DO 6 I = l,NEQ 

6 GLF(I) = GLK(I,NBW) 

RETURN 

END 

C ______________________________________________________________ __ 

SUBROUTINE BNDSOL(A,MXNEQ,N,ITERM) 

C 

C THE ACTUAL SOLVER 

C ------------------------------------------------------------------

C 

C 

C EQUATION SOLVER FOR BANDED UNSYMMETRIC EQUATIONS 

C 

IMPLICIT REAL*8(A-H,O-Z) 

DIMENSION A(MXNEQ,MXNEQ) 

C WRITE(6,*) 'MXNEQ',MXNEQ, 'N',N,'ITERM',ITERM 

··CERO = 1.0-8 
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C 

PARE = CERO**2 

NBND = 2*ITERM 

NBM = NBND - 1 

C BEGINS ELIMINATION OF THE LOWER LEFT 

DO 1000 I = 1,N 

C WRITE(6,*) 'A', A(I,ITERM) 

IF (DABS(A(I,ITERM» .LT. CERO) GO TO 410 

GO TO 430 

410 IF (DABS(A(I,ITERM» .LT. PARE) GO TO 1600 

C WRITE(6,*) 'N',N 

C WRITE(6,*) 'ITERM',ITERM 

430 JLAST == MINOJI+ITERM-1,N) 

L = ITERM + 11 

00 500 J =1, JLAST 

L =L-1 

IF (DABS(A{J,L» .LT. PARE) GO TO 500 

B= A(J,L) 

DO 450 K = L,NBND 

450 A(J,K) = A(J,K)/B 

IF (I .EQ. N) GO TO 1200 

500 CONTINUE 

L = 0 

JFIRST = I + 1 

IF (JLAST .LE. I) GO TO 1000 

00 900 J = JFIRST,JLAST 

L= L+1 

IF (DABS(A{J,ITBRM-L» .LT. PARE) GO TO 900 

00 600 K = ITERM,NBM 

600 A(J,K-L) = A(J-L,K) -A(J,K-L) 

A(J,NBND) = A(J-L,NBND)-A(J,NBNO) 



IF (I .GE. N-ITERM+1) GO TO 900 

DO 800 K =l,L 

800 A(J,NBND-K) = -A(J,NBND-K) 

900 CONTINUE 

1000 CONTINUE 

1200 L = ITERM - 1 

DO 1500 I = 2,N 

DO 1500 J = 1,L 

IF (N+1-I+J .GT. N) GO TO 1500 
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A(N+1-I,NBND) = A(N+1-I,NBND) - A(N+1-I+J,NBND)*A(N+1-I,ITERM+J) 

C WRITE(6,*) A(N+1-1,NBND) , N+1-I 

1500 CONTINUE 

RETURN 

1600 WRITE(6,1601) 

1601 FORMAT(/,2X,'COMPUTATION STOPPED IN BNDSOL BECAUSE ZERO APPEARED 

*ON THE MAIN DIAGONAL. THE MATRIC FOLLOWS:',/) 

C WRITE(6,1602)I,A(I,ITERM) 

C WRITE(6,*)I,A(I,ITERM) 

C1602 FORMAT(10X,IS,E12.4) 

C 

C 

C 

C 

C 

C 

C 

C 

STOP 

END 

SUBROUTINE COEFNT(NDF,NPE,N,NI,ELU,EWO,IELEM,NEM,NNM,AA,BB) 

The subroutine computes the coefficient matrices and source vector ".' 
~ '"~ 1-~ 

for the model problem (see the MAIN program) 

x ••..••••• Global (i.e., problem) coordinate 

Xl ••••••• Local normalized coordinate 

H ••••••••• Element length 

\ ' 

• ! 



C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
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{SF} •••••• Element interpolation (or shape) functions 

{GOSF} •••• First derivative of Sf w.r.t. X 

GJ •••••••• Jacobian of thetra~~formation 

[GAUSPT] •• 4x4 matrix of Gauss points: N-th column corresponds 

TO THE N-POINT GAUSS RULE 

[GAUSWT] •• 4x4 matrix of Gauss weights (see the comment above) 

[ELK] ••••• Element coefficient matrix [K] 

[ELM] ••••• Element mass matrix 

{ELF} ••••• Element source vector {f} 

ELU ••••••• ALGEBRAIC VALUES OF PS PER EACH NODE 

THE ELK IS NPE* NPE 

~~~:~,IT , ~,~ 8 (A-H, O:~J 

COMMON/S~R1/ELK(6,6),ELM(6,6),ELF(6),ELX(3),ELKI(6,6),ELFI(6) 

COMMON/STR2/A1,A2 

COMMON/STR3/PA,R,0,EK,EM,OR,E 

COMMON/SHP/SF(4),GOSF(4),GJ 

DIMENSION GAUSPT(5,5),GAUSWT(5,5) 

DIMENSION ELA(6,6) 

DIMENSION ELU(6),EWO(6) 

{~AT~)~USPT/5*0. 000,-. 577350~~;~} .57735027'~ci,3*0. 0,0'0, -. 7745966700, 
~. ~--~~ .~~~."- :.:'~:. \,~-;--.-""~ " ., tI" 

* 0.000,.7745966700,2*0.000,-.8611363100,-.3399810400,.3399810400, 

*.8611363100,0.000,-.90618000,-.53846900,0.000,.53846900,.90618000/ 

DATA GAUSWT/2.000,4*0.000,2*1.000,3*0.000,.5555555500,.8888888800, 



131 

* 0.5555555500,2*0.000,.3478548500,2*.6521451500,.3478548500,0.000, 

* 0.23692700,.47862900,.56888900,.47862900,.23692700/ 

c 
"'d'"''''''-''' "\ 

1 IT = 6 \, 

C--~~:~~---------------------------------------------------------c 
C TABLE OF THE EMPIRICAL PARAMETERS c 

C----------------------------------------------------------------------c 
PA =30. 

E = 0.065 

R = 3.08*(0.65-E)**4. 

D = 5.19*(0.65-E)**2.68 

EK = 1.869*10**(-11.) 

DR = 1300. 

EM = 0.001 

C----------------------------------------------------------------------c 
C----------------------------------------------------------------------c 
C WRITE ( 6, *) , AA' ,AA, 'BB' ,BB 

NN =NPE*NOF 

NGP=NPE 

c -------------------------------------
C INITIALIZE ALL ARRAYS 

C -------------------------------------

DO 10 I=l,NN 

ELFI(I)=O.O 

ELF(I)=O.O 

DO 10 J=l,NN 

C----------------------------------------
ELA(I,J) = 0.0 

JiELK1 (I,J) = 0.0 

ELK(I,J) = 0.0 
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10 ELM(I,J) = 0.0 

C ________________________________________________________________ _ 

C CALCULATION OF THE ELEMENT FORCE VECTOR 

C----------------------------------------------------------------------
C 

C 

C 

IF (N .GT. 1) GO TO 350 

C 

C FOR THE FIRST ELEMENT(FROM THE BOTTOM) 

C 

DO 380 I = 1,NPE 

IF (I .EQ. 1) THEN 
,"_.' .• " .':.:_ '" ~ .• .<,;vr/.-.,· .. _,_"'/" ~tJ.;·,..;:.1',.·~-·.~,. '\i'~""-~' 

C 

C ELFI IS THE FORCE VECTOR ESTIMATED AT TlME~f 
\ 

C 

ELFI(I) = EK*PA*DR*9.81*E*«1+EWO(1)/PA)**(R-D+l»/(EM*R) 

C 

C ELF IS THE FORCE VECTOR ESTlMATED.AT TIME ,fffl1'~~ t~, ) 

C 

ELF(I) = EK*PA*DR*9.8l*E*«1+ELU(1)/PA)**(R-D+l»/(EM*R) 

ELSE 

ELFI(I) = 0.0 

ELF(I) = 0.0 

ENDIF 

C WRITE(6,*) 'ELF(I}',ELF(I} 

380 CONTINUE 

C 

GO TO 1000 

C 

350 IF (N .LT. NEM) GO TO 500 
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C 

C FOR THB LAST BLEMENT (AT THB TOP) 

c 

C 

600 

C 

C 

C 

C 

500 

370 

DO 600 I = 1,NPB 

IF (I .LT. NPB) THBN 

BLFI(I) -= 0.0 

BLF(I) = 0.0 < 

BLSB 

BLFI(I) = «BK*PA)/(BM*R»*(BWO(NPB)*(l/H)+BWO(NPB-l)*(-l/H» 

BLF(I) = «BK*PA)/(BM*R»*(BLU(NPE)*(l/H)+ELU(NPE-l)*(-l/H» 

ENDIF 

WRITB(6,*) 'ELF(I)' ,ELF(I) 

CONTINUE 

GO TO 1000 
-V/ 

FOR THE INTERMEDIATB ELEMENTS 

DO 370 I = 1,NPB 

ELFI(I) = 0.0 

BLF(I) = 0.0 

CONTINUE 

C -----------------------------------------------

c I DO-LOOP ON NUMBBR OF GAUSS POINTS STARTS HERB I 

c ----------------------~---..;;~:L-::;t-------------
1000 DO 20 NI=l,NGP 

XI = GAUSPT(NI,NGP) 

C WRITE(6,*) 'XI',XI 

C -----------------------------------------------------------------

c I CALL SUBROUTINE 'INTRPL' TO EVALUATE THB INTERPOLATION FUNCTIONS I 
c I AND THEIR DERIVATIVES AT THE GAUSS POINTS 



C -------------------------~~-------------------------------------I; 
<" 

CALL INTRPL (H, NPE ,:XI, IELE¥) 
~'. .... ~~ f 

J~;~)l. 
C---~:_~-----------~'-,..I- "------,t' " ......... --------------------------------------C 

\t~~' -:; _,~: "-~ >-,.".-",; -~. 
,,,\ t\\~,t CONST =GJ:*GAUSWT (NI, NGP) 

·(i'·'c ELX( 1 )+0. 5*H* (1. O+XI) 

C----------------------------------------------------------------------C 

C FOR ISOPARAMETRIC ELEMENTS 

C X = ELX(1)+0.5*H*(1-XI*XI)+H*0.5*XI*(1+XI) 

C----------------------------------------------------------------------C 
~(~'/\.PSS = 0.0 
f~" 

'1 ~('(4 DPSSDX = 0.0 

" ,'. 
'('vi PS = 0.0 
f("J '''';" 
t.;r;f DPSDX = 0.0 

(""~ .. ,~ 

C ---------------------------------------

DO 21 I = 1,NPE 

c 

C FOR THE TIME N 

C 

PSS = EWO ( I ) *'SF~( I ) +PSS 

DPSSDX = EWO(I)*GDSF(I)+DPSSDX 

C 

C FOR THE TIME N+1 

C 

PS = ELU(I)*SF(I) + PS 

DPSDX = ELU(I)*GDSF(I) + DPSDX 

C-----------------------------------------
21 CONTINUE 

C WRITE(6,*) 'PS' 

C WRITE(6,*) PS 

C WRITE(6,*) , DPSDX' 

C WRITE(6,*) DPSDX 



C 
C 

C 
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C----------------------------------------------------------------------C 
C 1 ST S T E P: 0 IRE C T MAT RIC E S 

C I EVALUATE THE MATRICES {ELF},[ELK] AND [ELM] BEFORE USING THE 

C I NEWMARK'S TEMPORAL APPROXIMATION SCHEME. 

C --------------------------------------------------------------

C -----------------------------------------------------------------

DO 40 I = 1,NN 

DO 40 J = 1,NN 

C 

C CALCULATION OF THE K MATRIX AT TIME N 

C 

ELKI(I,J)=ELKI(I,J)+CONST*(GDSF(I)*GDSF(J)*EK*PA*(l/EM*R)* 

+ (l+PSS*(l/PA»**(l-D)-

+ SF(I)*GDSF(J)*«9.8l*OR*E*EK*(2*R-0»/(EM*R»* 

+ (l+PSS*(l/PA»**(R-O)+ 

+ SF(I)*GDSF(J)*(OPSSDX)*EK*(l-R)*(l/EM*R)* 

+ (l+PSS*(l/PA»**(-O» 

C----------------------------------------------------------------------
C 

C CALCULATION OF THE K MATRIX AT TIME N+l 

C 

ELK(I,J)=ELK(I,J)+CONST*(GDSF(I)*GDSF(J)*EK*PA*(l/EM*R)* 

+ (l+PS*(l/PA»**(l-O)-

+ SF{I)*GDSF(J)*«9.8l*DR*E*EK*(2*R-D»/(EM*R»* 

+ (l+PS*(l/PA»**(R-D)+ 

+ SF(I)*GDSF(J)*(DPSDX)*EK*(l-R)*(l/EM*R)* 

+ (l+PS*(l/PA»**(-D» 

C ----------------------------------------------------------------------
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c ----------------------------------------------------------------------
ELM(I,J) = ELM(I,J) + SF(I)*SF(J)*CONST 

C ----------------------------------------------------------------------

C 

C CALCULATION OF THE EXTRA TERM IN ELK TANGENT 

C THE ELA(I,J) DENOTES THE EXTRA TERM OF THE K TANGENT. 

C IT IS CALCULATED AT TIME N+l. 

C 

c 

c 

c 

40 ELA(I,J)=ELA(I,J)+(Al*(EK/EM*R)*GDSF(I)*SF(J)*(l-D)*DPSDX* 

+ 

+ 

+ 

+ 

+ 

+ 

20 CONTINUE 

(1+PS*(1/PA»**(-D)-Al*SF(I)*SF(J)*(R-D)*DPSDX*(2*R-D)* 

«9.81*DR*E*EK)/(EM*R*PA»*(1+PS*(1/PA»**(R-D-l)+ 

Al*SF(I)*GDSF(J)*DPSDX*(EK*(l-R)/EM*R)* 

(l+PS*(l/PA»**(-D) + 

Al*SF(I)*SF(J)*«EK*(l-R»/EM*R)*(-D)*(l/PA)*DPSDX*DPSDx* 

(l+PS*(l/PA»**(-D-l»*CONST 

C-----------------------------------------------------------------------
C 2ND STEP: NEW MAR K'S A P PRO X I MAT ION 

C EVALUATE THE MATRICES [ELK hat] and {ELF hat} USING THE NEWMARK'S I 

C APPROXIMATION 
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C 

C-----------------------------------------------------------------------
DO 50 I = 1,NN 

C 

C TO SIMPLIFY THE EQUATIONS WE INTRODUCE THE PARAMETER: (SUM) 

C 

SUM = 0.0 

DO 60 J = 1,NN 

C 

C THE TERM SUM IS COMPUTED AT TIME N 

C 

SUM = SUM + (ELM(I,J) - A2*ELKI(I,J»*EWO(J) 

C 

C CALCULATE [ELK,hat] using the equation: [ELK hat] = [ELM] + Al*[ELK] 

C 

C 

60 ELK(I,J) = ELM(I,J) + Al*ELK(I,J) 

C ---------------------------------------------------------------------

C 

C CALCULATE {ELF,hat} using the parameter SUM 

C ---------------------------------------------------------------------

C 

50 ELF(I) = SUM + Al*ELF(I) + A2*ELFI(I) 

C 

C 

C 

C ---------------------------------------------------------------------

C 3RD STEP: NEW TON' S MET HOD 

C COMPU'r.~ 'J:'HE RESIDUAL IN MATRIX FORM {R} OF THE SOLUTION' 

C FROM DEFINITION THE RESIDUAL IS:{R} = [ELK, HAT] {P} - {ELF,HAT} 

C THEN WE CAN CONSTRUCT THE EQUATION WITH THE FOLLOWING FORM: 
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C [ELK,tan]{dP} = -{R} for an iteration r 

C ---------------------------------------------------------------------
DO 70 I = 1,NN 

C THE L.H.S OF THE FOLLOWING STATEMENT IS THE -{R} 

DO 80 J - 1,NN 

C 

C 

C 

ELF(I) = ELF(I) - ELK(I,J)*ELU(J) 

80 CONTINUE 

70 CONTINUE 

C -------------------------------------------------------------------

C EVALUATE THE TANGENT MATRIX [ELK, tan] USING THE PREVIOUS STEPS 

C 

C -------------------------------------------------------------------

C 

C------------------------------------

C 

C 

IF (N.GT.l) GOTO 200 

DO 90 I = 1,NN 

DO 90 J = 1,NN 

IF (I.EQ.l .AND.J.EQ.l) THEN 

C---------------------------------------------------
C HERE IS CALCULATED TH:i:: .GL9B.~",,;e:LK{l,l.l )~~.C:;:E~ 

C---------------------------------------------------
ELK(I,J)=ELK(I,J)+ ELA(I,J)-Al*(EK/(EM*R»*(R-D+l)* 

+ (1+ELU(1)*(1/PA»**(R-D)*DR*9.81*E 

ELSE 

ELK(I,J)=ELK(l,J)+ELA(I,J) 

ENDlF 
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C WRITE(6,*) 'ELU(l)',ELU{l) 

90 CONTINUE 

C 

GO TO 110 

C 

C-----------------------------------------------~----------------------
200 IF (N • BQ. NEM) GO TO 5000 

C 

C HERE IS CALCULATED FOR THE INTBRMBD~ATl!·<BLBMENTS· 

C 

DO 100 I = 1,NN 

DO 100 J = 1,NN 

100 ELK(I,J)=ELK(I,J)+ELA(I,J) 

C 

GO TO 110 

C 

C--------------------------------------------------------
C HERE IS CALCULATED THE GLOBAL ELK(NNM,NNM)TANGENT 

t ""'. '. " _, •. 0" -_"e _ ~ 

C--------------------------------------------------------
5000 DO 6000 I = 1,NN 

00 6000 J = 1,NN 

+ 

IF (I .EQ. 2 .AND. J .EQ. 2) THEN 

ELK(I,J) =ELK(I,J)+ELA{I,J)-Al*«EK*PA)/(EM*R»* 

(l/H) 

ELSE 

ELK(I,J) =ELK(I,J}+ELA(I,J) 

ENDIF 

C WRITE(6,*) 'ELU(l)',ELU(l) 

6000 CONTINUE 

110 RETURN 

END 



C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
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SUBROUTINE INTRPL (H,NPE,XI,IELEM) 

The subroutine computes shape functions and their derivatives for 

:Hermitecublc and Lagrange linear and quadratic elements.~· 
J 

IN THIS PARTICULAR PROBLEM LAGRANGE LINEAR AND QUADRATIC ELEMENTS 

WILL BE USED. 

x ......... Global (i.e., problem) coordinate 

Xl ••••••• Local (i.e., element) coordinate 

H ••••••••• Element length 

{SF} •••••• Lagrange interpolation (or shape) functions 

\~PSF}..... First derivative of SFL w.r.t. XI 

{GDSF} •••• First derivative of SFL w.r.t. X 

GJ •••••••• Jacobian of the transformation 

IMPLICIT REAL*8 (A-H,O-Z) 

COMMON/SHP/SF(4),GDSF(4),GJ 

DIMENSION DSF(4) 

C*********************************************************************** 

C LAGRANGE interpolation functions used for linear and quadratic 

C : approximation of, second-order equations 

C********************~************************************************** 
,~{ t~f 'f"~ 

C 

IF (IEL~~2) 10,20,20 

C-----------------------------------------------
C LINEAR interpolation functions (NPE = 2) 

C-----------------------------------------------
10 SF(1) = 0.S*(1.0-XI) 



SF(2) = 0.5*(1.0+XI) 

DSF(I) = -0.5 

DSF(2) = 0.5 

GO TO 30 
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C-------------------------------------------------
C QUADRATIC INTBRPOLATION FUNCTIONS (BPB = 3) 

C-------------------------------------------------
20 SF(I) = -.5*XI*(1.0-XI) 

SF(2) = 1.0-XI*XI 

SF(3) = .5*XI*(1.0+XI) V 
DSF(I) = -.5*(1.0-2.0*XI) 

DSF(2) = -2.0*XI 

DSF(3) = 0.5*(1.0+2.0*XI) 

GO TO 30 

C----------------------------------------------------------------
C COMPUTB DERIVATIVES OF THE INTERPOLATION FUNCTIONS W.R.T. X 

C----------------------------------------------------------------
30 GJ = H*0.5 

DO 40 I = I,NPE IV 
40 GDSF(I) =DSF(I)/GJ I 

C 

RETURN 

END 

C 

SUBROUTINE PSTPRC(GLF,GLX,NOD,NPE,MXELM,MXNEQ,MXNOD,NEM,ELU, 

+ N,NDF,FALX) 

C 

C 

C The subroutine computes the solution and its derivatives at five 

C points, including the nodes of the element. 

C 



C 

C 

C 
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<) 

X. • • • • • •• Global (i. e., problem) coordinate / 

Xl •••••• Local (i.e., element) coordinate 

SF ••••••• Element interpolation (or shape) functions 

C /GDSF.', •••• First derivative of SF w.r.t. global coordinate . ' 

Ci) :~. r::" 

C 

IMPLICIT REAL*8 (A-B,O-Z) 

DIMENSION GLF(MXNEQ),GLX(MXNOD),NOD(MXELM,3),XP(9) 

C DIMENSION ELU(6),DX2(16) 

DIMENSION ELU(6) 

COMMON/STR1/ELK(6,6),ELM(6,6),ELF(6),ELX(3),ELKI(6,6),ELFI(6) 

COMMON/sTR2/Al,A2 

COMMON/sTR3/PA,R,D,EK,EM,DR,E 

COMMON/SBP/SF(4),GDSF(4),GJ 

COMMON/IO/IN,IT 

DATA XP/-l.ODO,-O.7S,-O.S,-O.25,-O.O,O.2S,O.S,O.7S,1.OI 

C DATA XP/-l.ODO,-O.S,O.O,O.S,l.O/ 

NDF = 1 

C WRITE(IT,7S) 

C 75 FORMAT(/,69('_'),I,SX,'X',6X,'P-EFF.PRESSURE',9X,'DP',12X,'U', 

C + l6X ,'US',1,69('_'),/) 

7S FORMAT(/,69('_'),I,SX,'X',6X,'P-EFF.PRESSURE',9X,'UL', 

+ l6X ,'ES',1,69('_'),/) 

C TOTALX = O~OO271461S38~ 
C Xl = TOTALX 

C WRITE(6,*) 'Xl' 

C WRITE(6,*) Xl 

C NEM = 15 f' t~; 
\ ~. 

C NNM = NEM*(NPE-l) + 1 

C DO 15 I = 1,NEM+l 

C IF (I .EQ. 1) THEN 
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C OX1CI) = 0 

C ELSE 

C DX1CI) = X1/NEM 

C ENDIF 

C 15 CONTINUE 

C CALL MESH10 (NEM,NPE,NOD,MXELM,MXNOD,DX1,GLX) \../'-

C WRITE(6,*) 'GLX' 

C WRITE(6,*) (GLX(I), I = 1,NNM) . 

DO 100 N= 1,NEM 

C WRITE(6,89) N 

89 FORMAT(//,SX,'ELEMENT =',14,/) 

L=O 

DO 90 I = 1,NPE 

NI=NOD(N, I) . 

ELX(I)=GLX(NI) 

LI= NI-l 

DO 90 J = 1,NDF 

LI=LI+l 

L=L+l 

90 ELU(L)=GLF(LI) 

NET = NPE 

H = ELX(NPE)-ELX(l) 

DO 40 NI=1,9 

XI = XP(NI) 

C--------------------------------
CALL INTRPL{H,NPE,XI,IELEM) 

C--------------------------------
x = O.5*H*(1.0+XI)+ELX(1) Iv 

C----------------------------------------------------------------------C 
C TABLE OF THE VALUES OF THE EMPIRICAL PARAMETERS C 

C----------------------------------------------------------------------C 
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C EM = THB DYNAMIC VISCOCITY OF WATER IN 20 DBGREES C 

EM = 0.001 

C EK IS THE KO:INTRINSIC PERMEABILITY WHEN PS = 0 

EK = 6.669*10**(-11.) 

C R IS THE COMPRESSIBILITY COEFFICIENT B 

R=3.08*(0.6S-E)**4. 

C D IS THE COMPRESSIBILITY COEFFICIENT D 

D = 5.19*(0.65-E)**2.68 

DR = 1300. 

PA = 30. 

C----------------------------------------------------------------------C 

C 

PS= DR*9.81*E*FALX 

C 

C 

C WRITB(6,*) 'PS-LINEAR DISTRIBUTION OF THB FALLING MATBRIAL' 

C WRITE(6,*) PS 

UL = 0.0 

US = 0.0 

DPSDX = 0.0 

BS = 0.0"',\ 

C PM DBNOTES THE INTRINSIC PBRMEABILITY 

PM= 0.0 

DH = 0.0 
,V"',,\ __ , 

DO 30 I=1,\6ET ,;' . ., . " .. 

PS= PS + SF(I)*ELU(I) 

DPSDX = DPSDX + GDSF(I)*ELU(I) 

C -------------------------------------------------------

C CALCULATE THE CONCENTRATION IN THE RISING SEDIMENT,ES 

C -------------------------------------------------------



ES = E * (l+PS*(l/PA»**R 

PM = EK*(l+(l/PA)*PS)**(-D) 
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C----------------------------------------------------------------------C 

C CALCULATE THE SOLID AND LIQUID VELOCITY 

C----------------------------------------------------------------------C 

UL=-DPSDX * EK*(l+(l/PA)*PS)**(-D)*ES*(l/(EM*(l-ES»)-

+ EK*(1+(1/PA)*PS)**(-D)*E~~*(2.0)*(1/(EM*(1-ES»)*9.81*DR 

US = UL*(ES-1)*(1/ES) 

C----------------------------------------------------------------------C 

C CALCULATE THE PRESSURE DIFFERENCE CAUSED BY THE UPWARD 

C MOVEMENT OF C 

C THE TRAPPED WATER IN THE PARTICLES C 

C----------------------------------------------------------------------C 

C 

C 

C 

C 

DH = DH + (EM*(l-ES)/K)*(UL-US) /' 

30 CONTINUE 

WRITE(IT,35) X,P,DP,U,US 

WRITE(IT,35) X,PS,UL,ES 

40 CONTINUE 

100 CONTINUE 
~,...( 

35 FORMAT (E9.3,5X,E12.5,5X,E12.5,5X,E10.5) 

RETURN 

END 



146 

The author was born on December 10, 1966 in Greece. He enrolled at 
Aristotle University of Thessaloniki (A.U.T.) in 1984 and he got his 
bachelor degree in Civil Engineering in 1989. During his studies he 
received scholarship from the Greek Government, and awards from the 
Technical Chamber of Greece and the Greek Math Association. He began 
work on a Masters of Science degree at Virginia Tech in 1990 and he is 
currently enrolled for the Ph.D. program at the same University. 




